The virions of Newcastle disease virus (NDV) contained an enzyme that catalyzed the incorporation of ribonucleotides into ribonucleic acid (RNA). Optimal conditions for this polymerase activity were identical to the conditions for the vesicular stomatitis virus (VSV) polymerase, and both enzymes were active for longer times at 32 C than at 37 C. However, the specific activity of the NDV polymerase was less than 3 %l, that of the VSV polymerase. Product RNA species from the NDV and VSV polymerase reactions annealed specifically to the homologous virion RNA species. Transcriptive intermediates containing product RNA attached to the respective virion RNA could be identified in both systems.
The virions of Newcastle disease virus (NDV) contained an enzyme that catalyzed the incorporation of ribonucleotides into ribonucleic acid (RNA). Optimal conditions for this polymerase activity were identical to the conditions for the vesicular stomatitis virus (VSV) polymerase, and both enzymes were active for longer times at 32 C than at 37 C. However, the specific activity of the NDV polymerase was less than 3 %l, that of the VSV polymerase. Product RNA species from the NDV and VSV polymerase reactions annealed specifically to the homologous virion RNA species. Transcriptive intermediates containing product RNA attached to the respective virion RNA could be identified in both systems.
Ribonucleic acid (RNA) extracted from virions of Newcastle disease virus (NDV) lacks infectivity (14) , and during NDV replication there is extensive synthesis of RNA complementary in base sequence to the major species of virion RNA (6, 15) . This complementary RNA appears to be attached to polyribosomes and may serve as messenger RNA (6) . Similar findings with vesicular stomatitis virus (VSV) led to the characterization of an RNA polymerase in virions of VSV (1) . Therefore, NDV is also likely to have such an enzyme.
A previous attempt which failed to detect polymerase activity in purified preparations of NDV led to the conclusion that if the NDV polymerase exists it must have less than 2% of the specific activity of VSV preparations (1) . By obtaining a more concentrated preparation of virions and by increasing the sensitivity of the assay, an RNA-dependent RNA polymerase has now been detected in virions of NDV.
MATERIALS AND METHODS
Viruses. NDV strains used were NDV-HP (Israel, HP, 1935) , NDV-IM (Milano, Italy, 1945), NDV-N (NJ, La Sota, 1946), and NDV-RO (California RO, 1944) . Each strain was cloned, grown, and concentrated as previously described (5, 7) and then partially purified by sedimentation through 207'O sucrose (Clavell and Bratt, in preparation). The pellet of virus was resuspended and further purified through an isopycnic sucrose-D20 gradient as described in Fig. 3 . Preparations of NDV-HP, containing 1.2 to 2.0 mg of NDV protein (17) per ml and 5 X 1010 to 10 X 1010 plaqueforming units per ml, were used in all experiments unless otherwise indicated.
A preparation of the Indiana serotype of VSV, similar to the stocks previously described (1, 24) and containing 200 ,ug of VSV protein per ml, was used throughout these experiments.
Procedures and reagents. All of the reagents and procedures were as previously described (1), except for modifications noted in the figure legends.
Virion RNA. For the annealing experiment, virion RNA was extracted and purified as previously described for NDV (10) and for VSV (23) . A pool of virionRNA from several NDV strains was used. This is justified by the high degree of cross-annealing between virion RNA and complementary RNA from cells infected with different NDV strains (14; Bratt, unpublished data).
RESULTS
General properties of the NDV RNA polymerase. The polymerase activity found in virions of NDV had properties very similar to those of the VSV polymerase (Tables 1 and 2 , Fig. 1 and 2) , except that the specific activity was 1 to 3 % of the specific activity of VSV preparations ( Fig. 1 and  2 ). The amount of activity in NDV preparations was approximately proportional to the concentration of viral protein in the reaction mixture. The activity was dependent on activation by a nonionic detergent, Triton N-101 or Nonidet P-40, and on the presence of a sulfhydryl reagent, dithiothreitol. The omission of uridine triphos- Table 2 ). The magnesium ion concentration required for optimal activity was 4 to 6 mM, and substitution with manganese at concentrations from 2 to 26 mm did not result in any detectable activity. A salt concentration of 0.05 to 0.1 M was necessary for the detection of optimal activity.
Effects of temperature and pH. For both NDV and VSV polymerases, the optimal activity was observed at pH 7.3 ( Fig. 1) . Also, for both viruses incorporation of guanosine monophosphate (GMP) continued for longer times at 32 C than at 37 C (Fig. 2) . The kinetics of synthesis by NDV were complicated and require further study. At temperatures higher than 37 C, polymerase activity for NDV and VSV was markedly reduced.
Coincidence of polymerase activity in an isopycnic gradient with NDV infectivity and hemagglutinin. To investigate whether the polymerase activity was part of the virion, a partially purified preparation of NDV was centrifuged to equilibrium in a sucrose density gradient. Polymerase activity coincided with both hemagglutinating activity and infectivity at a buoyant density of 1.19 g/ml ( Table 3 shows that the NDV product annealed to only NDV RNA and not to VSV RNA, whereas the VSV product annealed only to its homologous RNA. The high degree of self-annealing in the absence of added virion RNA probably resulted from the large amount of virion RNA templates already present in the reaction mixture. However, until further experiments are done, we cannot rule out the possibility of self-annealing of the product, especially because there are reports of self-annealing of RNA from virions of NDV (19, 20) .
Initial transcriptive intermediates. If virion RNA serves as a template for the NDV and VSV polymerases, labeled products made during the polymerase assay should be initially associated with virion RNA in a ribonuclease-resistant form and VOL. 7, 1971 (13, 23) , respectively, examination of the initially labeled products in sucrose gradients should show a difference in size between the two viral systems.
When NDV or VSV products which were made during the first 10 min of the polymerase reaction were deproteinized by sodium dodecyl sulfate and then separated in sucrose density gradients, a peak of radioactivity was observed at 48S for NDV and at 38S for VSV, which coincided with the optical density at 260 nm of the virion RNA species and contained partially ribonuclease-resistant products (Fig. 4) . The different rates of sedimentation for the initial transcriptive intermediates of NDV and VSV indicate the individual specificity of the two polymerase reactions. These results also indicate that the template is not degraded during transcription for 10 min. The data are consistent with the model of a large-template RNA associated by base pairing with small amounts of labeled product. Bishop and Roy (2), with polyacrylamide gel electrophoresis, have also observed that the initial VSV polymerase products are associated with the viral RNA.
With increased time of reaction, the transcrip- The polymerase activity for both NDV and VSV is temperature-sensitive and for VSV at 31 C will proceed linearly for serveral hours given the proper reaction mixture and volume (Baltimore, unpublished data). At 37 C, the incorporation of GMP declines after the first 30 min for unknown reasons. Attempts to further activate the NDV and VSV polymerases by deoxycholate or trypsin resulted in marked inhibition of the polymerase activity (reference 1 and Table 2 ).
Besides the similarity in virion-associated polymerases between a paramyxovirus and VSV, several other striking similarities between the two types of viruses have been noted. First, both viral systems are characterized by the synthesis of large amounts of RNA complementary in base sequence to virion RNA (3, 6, 15, 21) . Second, these complementary RNA species are smaller than virion RNA and appear to function as polyribosome-associated messenger RNA (6, 12) .
Third, nucleocapsids found in the virions of these viruses have an approximate density in CsCl of 1.31 g/ml and are resistant to digestion by ribonuclease (4, 9, 12, 16, 25) . Finally, the formation of phenotypically mixed particles after infection with the paramyxovirus SV5 and VSV (8) is an indication of the similarity between the two viral systems. Such evidence supports the recognition of a special group of RNA viruses, including VSV and paramyxoviruses, based on the existence of a unique system of RNA transcription and replication.
